Phosphoenolpyruvate carboxylase (EC 4.1.1.31) from Azotobacter vinelandii, like the corresponding enzyme from other organisms, is activated by acetyl coenzyme A and inhibited by L-aspartate. Both modifiers affect primarily the affinity of the enzyme for phosphoenolpyruvate. This is the first enzyme with a strictly anaplerotic (intermediate-replacing) (6, 7, 9, 10, 14, 16, 18, 24) . These enzymes are inhibited by aspartate and sometimes by citrate cycle intermediates (8, 9, (16) (17) (18) , and some were shown to be stimulated by fructose diphosphate (18, 20) .
Glycolysis is an amphibolic pathway, serving both to regenerate adenosine triphosphate (ATP) and to supply intermediates for biosyntheses. Intermediates of the citrate cycle that are consumed in biosynthetic sequences must be replaced by production of oxalacetate from a 3-carbon glycolytic intermediate. In vertebrates this replacement is effected by the action of pyruvate carboxylase (22, 23) , and pyruvate is thus a major metabolic branchpoint at which carbon is partitioned between biosynthetic pathways (with pyruvate carboxylase as the initial enzyme) and a primarily degradative pathway (with pyruvate dehydrogenase as the first enzyme).
Man',y bacteria contain phosphoenolpyruvate carboxylase [phosphoenolpyruvate + CO2 -oxalacetate + inorganic orthophosphate (Pi); EC 4.1.1.31] rather than pyruvate carboxylase (1, 2, 21) . In such organisms, partitioning between degradative and biosynthetic metabolism thus occurs at phosphoenolpyruvate. Like the pyruvate carboxylases of birds and mammals (22, 23) , bacterial phosphoenolpyruvate carboxylases are activated by acetyl coenzyme A (acetyl-SCoA) (6, 7, 9, 10, 14, 16, 18, 24) . These enzymes are inhibited by aspartate and sometimes by citrate cycle intermediates (8, 9, (16) (17) (18) , and some were shown to be stimulated by fructose diphosphate (18, 20) .
In an attempt to evaluate factors involved in regulation at the phosphoenolpyruvate branch- ' The endogenous rate, measured by omitting phosphoenolpyruvate from the incubation mixture, was negligible after the G-200 Sephadex step. Reaction rates were linear for at least several minutes. The amount of enzyme used was always in the range where rates were directly proportional to the amount of protein present.
RESULTS
Partial purification of enzyme. Phosphoenolpyruvate carboxylase and pyruvate kinase from A. vinelandii were partially purified by a common procedure. Ten grams of thawed cell paste was suspended in 50 ml of 50 mm potassium phosphate buffer (pH 7.0) containing 10 mM dithiothreitol. The cells were subjected to sonic disruption for three periods of 2 min each, with the temperature being maintained below 6 C. All further steps were carried out at 2 to 4 C. The preparation was centrifuged at 27,000 x g for 20 min. The supernatant solution was further centrifuged at 152,000 x g for 2 hr in a Beckman L-2 centrifuge. This step effectively removed interfering NADH oxidase activity. Solid ammonium sulfate was added to the supernatant fluid of the high-speed centrifugation to 45% saturation [nomograph of di Jeso (I 1)]. The precipitate, which contained the bulk of the pyruvate kinase and phosphoenolpyruvate carboxylase activities, was collected by centrifugation at 27,000 x g for 20 min and dissolved in 2.0 ml of 20 mm phosphate buffer (pH 7.0) containing 10 mM dithiothreitol and 30% glycerol. This solution was added to a G-200 Sephadex column (2.5 by 45 cm) and eluted with the same buffer. Phosphoenolpyruvate carboxylase was inactivated during this step if dithiothreitol and glycerol were not included in the elution buffer. Both activities eluted in nearly the same region, and the most active fractions containing both enzymes were pooled and applied to a diethylaminoethyl (DEAE) cellulose column (1.0 by 12 cm) equilibrated with the same buffer. The two activities were separated by stepwise elution with increasing concentrations of KCI (Fig. 1) Fig. 2 . Under the assay conditions, the reaction velocity was increased about eightfold as compared to the control rate. Double reciprocal plots were linear and yielded a value for (M)0.5 (concentration of modifier giving half-maximal activation) of 13 MM.
Inhibition of the reaction by L-aspartate is shown in Fig. 3 . The (M)0.5 value for aspartate, from a double reciprocal plot, is 270 MM. Figure 4 shows the reaction velocity as a function of phosphoenolpyruvate concentration in the presence and absence of modifiers, which were 32 J. BACTERIOL. (3, 4) might have been expected. The flat response actually observed indicates that energy charge control of phosphoenolpyruvate carboxylation in Azotobacter is exerted only indirectly-for example, through the effect of energy charge on the concentration of acetyl-SCoA and through competition between this enzyme and pyruvate kinase, which responds rather sharply to energy charge (15) . These interactions are discussed in the following paper (15) . It should also be noted that the utilization of aspartate is under energy charge control. The lysine-sensitive aspartokinase has been shown to respond very sharply to variation in charge (13) , and the other aspartokinases probably react similarly. Brenner et al. (5) showed that the aminoacyl transfer ribonucleic acid synthases for four amino acids are inhibited by ADP and AMP, and thus should give an appropriate U-type, or 
